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The invention provides a device and method for the rapid
identification of patients suspected of having thalassemia.
The invention provides a test strip for the aqueous detection of
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PROCESS OF SCREENING FOR
ALPHA-THALASSEMIA CARRIER USING
IMMUNOCHROMATOGRAPHIC STRIP TEST

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Thai patent application
number 0701001329 filed Mar. 23, 2007 which is herein
incorporated in its entirety.

FIELD OF THE INVENTION

The invention provides a test strip having a primary anti-
body specific to alpha thalassemia and secondary antibodies
that are either specific to alpha thalassemia or are specific to
the monoclonal antibody. Detection is made by identification
of which secondary antibody binds the primary antibody.

BACKGROUND OF THE INVENTION

Thalassemia is an autosomal recessive inherited human
genetic disorder of the red blood cells (1). It reduces the
amount of hemoglobin in a human body, leading to anemia
(2). The alpha thalassemia results in a reduced rate of synthe-
sis of alpha globin chain which is the main component of
hemoglobin. Alpha thalassemia can be classified into four
types and severity of each typed is different depending on the
number of the deletion of genetic loci for alpha globin. Alpha
thalassemia is commonly found in Southeast Asia, Southern
China, India, the Middle East and in the Mediterranean region
(3). Due to global migration patterns, there has been an
increase in the incidence of thalassemia in many parts of the
world (4). There are two major alpha thalassemia carriers,
alpha thalassemial (alphaQ thalassemia) and alpha thalas-
semia2 (alpha+thalassemia) carriers. The two alpha globin
genes on the same chromosome are deleted in alpha thalas-
semial. There is only one alpha globin gene deletion in an
alpha thalassemia2. Moreover, some abnormal hemoglobin
such as Hb Constant Spring (Hb CS) and Hb Pakse also affect
the alpha globin gene expression and behave like and alpha
thalassemia2. The interaction between these abnormal genes
lead to many alpha thalassemia syndromes such as homozy-
gous alpha thalassemia, Hb H disease (alpha thalassemial/
and alpha thalassemia2 or alpha thalassemial/Hb CS) and Hb
Bart’s hydrops fetalis (homozygous alpha thalassemial).
Heterozygote screening and genetic counseling are essential
for the prevention and control of severe thalassemia diseases
®).

Small amount of Hb Bart’s is presented in the blood of
some alpha thalassemia carriers. The immunochromato-
graphic strip test can detect Hb Bart’s in alpha thalassemial
carrier and all other alpha thalassemia syndromes carry this
abnormal gene such as Hb H disease, AE Bart’s disease and
Hb Bart’s hydrops fetalis. The test is also positive in homozy-
gote for alpha thalassemia2. Thus this test will help to prevent
severe alpha thalassemia disorders in many populations.

The immunochromatographic strip is a qualitative, lateral
flow immunoassay for the screening of various types of alpha
thalassemia trait by using whole blood. As the blood test
sample (hemolysate) diffuses through the absorbent test strip,
the labeled antibody-colloidal gold conjugate binds to the Hb
Bart’s in the specimen forming an antibody-antigen complex.
This complex binds to the anti Hb Bart’s antibody in the test
line and expresses a purple-red band. The absence of a col-
ored band in the test region indicates a negative result. The
reaction mixture continues flowing through the absorbent
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device past the test and control lines. Unbound conjugate
binds to the reagents in the control line, producing a pink
color band, demonstrating that the reagents and test strip are
functioning correctly.

SUMMARY OF THE INVENTION

The immunochromatographic strip test presented in this
invention is recommended for the detection of Hb Bart’s
protein in a human whole blood specimen. The immunochro-
matographic strip test shows positive reading for alpha thal 1
trait, HbH (alpha thall/alpha thal2), HbH-CS (alpha thal1/Hb
CS), AEBart’s (HbH disease+HbE trait), Hb Bart’s hydrops
fetalis (homozygous alpha thall) and homozygous alpha thal
2. The immunochromatographic strip test shows negative
reading in the alpha thal 2 trait, beta thal trait, HbE trait and
normal persons. Ifthe test reading shows negative and clinical
symptoms persist, additional follow-up testing using other
laboratory methods is suggested. A negative reading at any
time does not preclude the possibility of alpha thalassemia
disorder. The immunochromatographic strip test has been
compared with referenced method: Gap polymerase chain
reaction for alpha thalassemia determination and HPLC
(Variant, Bio Rad) for beta thalassemia determination. The
samples included 67 cases of non-alpha thalassemia disorder
and alpha thalassemia 2 trait and 41 cases of alpha thalas-
semia 1, homozygous alpha thalassemia2, Hb H disease and
AE Bart’s disease which were tested using the immunochro-
matographic strip test.

Therefore, in one exemplary embodiment, the invention
provides a method of screening for an a-thalassemia carrier
using an immunochromatographic strip comprising: (1)
obtaining ablood sample from a patient suspected of carrying
a-thalassemia; (2) lysing the red blood cells; (3) applying an
aliquot of lysed red blood cells to an immunochromato-
graphic strip; and (4) observing a result. Using this method, a
positive result is discernable from a negative result and
wherein a carrier of o-thalassemia is identified. In various
exemplary embodiments according to the invention, the
blood sample is mixed with a chelating agent such as but, not
limited EDTA. In various exemplary embodiments, the
hemolytic agent is TWEEN 20 Polysorbate 20, SDS, NP-40
nonyl phenoxypolyethoxylethanol, phenylhydrazine, TRI-
TON X-100 octyl phenol ethoxylate, or hemolysin.

In another exemplary embodiment, the invention includes
a test strip for identifying an a-thalassemia carrier compris-
ing: a sample application pad; a conjugate releasing pad; a
nitrocellulose membrane; and an absorbent pad. In this exem-
plary embodiment, a colloid particle conjugated antibody
specific for an « thalassemia protein is applied to the conju-
gate releasing pad; wherein an unconjugated antibody spe-
cific for o thalassemia is applied to the nitrocellulose mem-
brane at a capture line and an antibody specific to the o
thalassemia specific antibody is applied to the nitrocellulose
membrane at a control line, distal to the capture line. An o
thalassemia specific protein in a sample binds to the o thalas-
semia specific antibody conjugated colloid particle in the
conjugate pad and diffuses to the capture line and binds to the
a thalassemia specific antibody. Absence of an a thalassemia
specific protein in a sample diffuses the o thalassemia spe-
cific antibody conjugated colloid to the control line and binds
to the antibody specific to the o thalassemia specific antibody.
A positive test is identified by binding of the cc thalassemia
specific antibody conjugated colloid at the capture line and a
negative test is identified by binding of the a thalassemia
specific antibody conjugated colloid at the control line.
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In various exemplary embodiments according to the inven-
tion, the colloid particle is gold. In some embodiments, the
colloid particle has a diameter of about 10-25 nm. In some
embodiments, the o. thalassemia specific protein is a Y4 pro-
tein. In various exemplary embodiments, a, thalassemia spe-
cific antibody is a monoclonal antibody derived from a
mouse. In some exemplary embodiments, the « thalassemia
specific antibody is a rabbit antibody. In still other exemplary
embodiments the antibody is a polyclonal antibody.

In various other exemplary embodiments, the invention
includes a kit for identifying carriers of o thalassemia. the kit
including an o thalassemia test strip and instructions for use.
In various exemplary embodiments, the invention further
includes a lysis buffer. In still other exemplary embodiments,
the kit includes a wash buffer.

In still other exemplary embodiments according to the
invention, the invention includes A method of conjugating a
monoclonal or a polyclonal antibody specific to for a thalas-
semia with a nanoparticle comprising obtaining an aqueous
solution of a colloidal nanoparticle at a concentration ofabout
1-10x107> M of HAuCl4, diluting the colloidal nanoparticle
with water to bout 1:2 to about 1:50 to obtain a diluted
solution, heating the diluted solution with stirring and adding
sodium citrate to the heating solution to reduce the solution
until a color change. In some exemplary embodiments, the
sodium citrate has a concentration of about 0.1 to 1.0%.

In still other exemplary embodiments according to the
invention, the invention includes a method of making a .alpha,
thalassemia specific antibody coated colloid particle com-
prising, diluting a monocolonal antibody specific to .alpha-
thalassemia with 1-10 mM sodium borate buffer pH 5-10 to
obtain a solution, adding the solution lo 100 ml ofa 0.25 mM
of colloidal nanoparticle, adjusting the pH to 7.0-10.0 by the
addition of 0.01 M Na2CO03, stirring the mixture for 10-60
min and adding a 20% volume of 5% BSA in 5 mM NaCl,
reacting approximately 5 minutes, centrifuging at 4.degree.
C. for approximately 10,00 to 20,00 rpm for approximately
30, resuspending a pellet in phosphate buffer, and obtaining
an antibody coated colloid particle solution.

These and other features and advantages of the present
invention will be set forth or will become more fully apparent
in the description that follows and in the appended claims.
The features and advantages may be realized and obtained by
means of the instruments and combinations particularly
pointed out in the appended claims. Furthermore, the features
and advantages of the invention may be learned by the prac-
tice of the invention or will be apparent from the description,
as set forth hereinafter.

BRIEF DESCRIPTION OF THE FIGURES

Various exemplary embodiments of the compositions and
methods according to the invention will be described in detail,
with reference to the following figures wherein:

FIG. 1 Anti-hemoglobin Bart’s antibody responses in
chicken sera and egg yolk. Hb Bart’s was inoculated at weeks
0, 2, and 4. Various dilutions of sera and immunoglobulin Y
extracts (1 mg/mL) collected at various time points were
measured by indirect enzyme-linked immunosorbent assay.
The antibody titer was calculated as the reciprocal of the
highest dilution giving positive reactivity.

FIG. 2 A is a graph of absorbance of the reaction and
extraction of IgY from an egg with HB F (02 y2), Hb Barts
(v4), Hb A (02 p2) and HB A.
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FIG. 2 B is a diagram showing band densities with a den-
sitometer which illustrates the purity of1gY heavy and light
chains with molecular weights of approximately 67 kd and 28
kd.

FIG. 3A, Specificity of anti-hemoglobin (Hb) Bart’s
immunoglobulinY (IgY) antibodies extracted from egg yolk.
Globin chains (ct, 8, “y, and y), intact Hbs (Hb A, Hb A, Hb
F, and Hb Bart’s), and hemolysates (normal cord, healthy
adult, and Hb Bart’s hydrops fetalis) were coated onto an
enzyme-linked immunosorbent assay plate. Reactions were
performed with the various tested antibodies. Open bars,
preimmune IgY extract at 1:1000 dilution; closed bars,
1:1000 dilution of IgY extracted at the time of maximum
antibody response. B, Sodium dodecyl sulfate-polyacryla-
mide gel electrophoresis (SDS-PAGE) analysis of IgY
extracted from egg yolk. The IgY extracts from 3 egg yolks
were analyzed by using 12.5% SDS-PAGE gels under reduc-
ing (lanes 2-4) and nonreducing (lanes 5-7) conditions. Mark-
ers of molecular weight (in kilodaltons) are shown in lane 1.

FIG. 3 is a graph of the absorbance of the various globin
chains before and after affinity purification. Open bars, IgY
before immunoaffinity purification; closed bars, IgY after
immunoaffinity purification.

FIG. 4 is a schematic diagram showing the positioning of
immunochromatographc test strip components comprising
sample pad, conjugate pad, membrane, capture line, control
line and absorbing pad according to one exemplary embodi-
ment of the invention.

FIG. 5 is a diagram illustrating conjugate actions of an
immunochromatographic strip test for control, negative and
positive reading according to the exemplary embodiment of
the invention shown in FIG. 4.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

1. In General

It must be noted that as used herein and in the appended
claims, the singular forms “a”, “an”, and “the” include plural
reference unless the context clearly dictates otherwise. As
well, the terms “a” (or “an”), “one or more” and “at least one”
can be used interchangeably herein. It is also to be noted that
the terms “comprising”, “including”, “characterized by’ and
“having” can be used interchangeably.

Unless defined otherwise, all technical and scientific terms
used herein have the same meanings as commonly under-
stood by one of ordinary skill in the art to which this invention
belongs. All publications and patents specifically mentioned
herein are incorporated by reference for all purposes includ-
ing describing and disclosing the chemicals, instruments,
statistical analyses and methodologies which are reported in
the publications which might be used in connection with the
invention. All references cited in this specification are to be
taken as indicative of the level of skill in the art. Nothing
herein is to be construed as an admission that the invention is
not entitled to antedate such disclosure by virtue of prior
invention.

The invention and the various features and advantageous
details thereof are explained more fully with reference to the
non-limiting embodiments that are illustrated in the accom-
panying drawings and detailed in the following description.
Descriptions of well known components and processing tech-
niques are omitted so as not to unnecessarily obscure the
invention in detail but such descriptions are, nonetheless,
included in disclosure by incorporation by reference of the
citations following the Examples section. It should be under-
stood, however, that the detailed description and the specific
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examples, while indicating preferred embodiments of the
invention, are given by way of illustration only and not by way
of limitation. Various substitutions, modifications, additions
and/or rearrangements within the spirit and/or scope of the
underlying inventive concept will become apparent to those
skilled in the art from this detailed description.

I1. The Invention

The invention thus disclosed herein, provides a device and
method for the rapid identification of patients suspected of
having thalassemia. The invention provides atest strip for the
aqueous detection of thalassemia related proteins in whole
blood. The test strip includes antibodies specific to the
gamma 4, (y4) protein and provides discrimination between a
positive result and a negative result. The invention can be used
in remote or clinical settings.

Therefore, in one exemplary embodiment, the invention
provides a method of screening for an a-thalassemia carrier
using an immunochromatographic strip comprising: (1)
obtaining a blood sample from a patient suspected of carrying
a-thalassemia; (2) lysing the red blood cells; (3) applying an
aliquot of lysed red blood cells to an immunochromato-
graphic strip; and (4) observing a result. Using this method, a
positive result is discernable from a negative result and
wherein a carrier of a-thalassemia is identified. In various
exemplary embodiments according to the invention, the
blood sample is mixed with a chelating agent such as but, not
limited EDTA. In various exemplary embodiments, the
hemolytic agent is TWEEN 20 Polysorbate 20, SDS, NP-40
nonyl phenoxypolyethoxylethanol, phenylhydrazine, TRI-
TON X-100 octyl phenol ethoxylate, or hemolysin.

In another exemplary embodiment, the invention includes
a test strip for identifying an a-thalassemia carrier compris-
ing: a sample application pad; a conjugate releasing pad; a
nitrocellulose membrane; and an absorbent pad. In this exem-
plary embodiment, a colloid particle conjugated antibody
specific for an « thalassemia protein is applied to the conju-
gate releasing pad; wherein an unconjugated antibody spe-
cific for o thalassemia is applied to the nitrocellulose mem-
brane at a capture line and an antibody specific to the
thalassemia specific antibody is applied to the nitrocellulose
membrane at a control line, distal to the capture line. An a.
thalassemia specific protein in a sample binds to the o thalas-
semia specific antibody conjugated colloid particle in the
conjugate pad and diffuses to the capture line and binds to the
o thalassemia specific antibody. Absence of an o thalassemia
specific protein in a sample diffuses the o thalassemia spe-
cific antibody conjugated colloid to the control line and binds
to the antibody specific to the a thalassemia specific antibody.
A positive test is 1dentified by binding of the o thalassemia
specific antibody conjugated colloid at the capture line and a
negative test is identified by binding of the ¢ thalassemia
specific antibody conjugated colloid at the control line.

In various exemplary embodiments according to the inven-
tion, the colloid particle is gold. In some embodiments, the
colloid particle has a diameter of about 10-25 nm. In some
embodiments, the o thalassemia specific protein is a y4 pro-
tein. In various exemplary embodiments, o thalassemia spe-
cific antibody is a monoclonal antibody derived from a
mouse. In yet other embodiments the ¢ thalassemia specific
antibody is a polyclonal antibody. In various exemplary
embodiments, the o thalassemia specific antibody is a rabbit
antibody. However it should be appreciated that the second-
ary antibody can be any antibody that is specific for the
species from which the primary antibody is derived.
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In various exemplary embodiments, the o thalassemia spe-
cific antibody is a polyclonal antibody. In various other exem-
plary embodiments, the a thalassemia specific antibody is a
monoclonal antibody.

In various other exemplary embodiments, the invention
includes a kit for identifying carriers of o thalassemia. The kit
including an o thalassemia test strip and instructions for use.
In various exemplary embodiments, the invention further
includes a lysis buffer. In still other exemplary embodiments,
the kit includes a wash buffer.

In still other exemplary embodiments according to the
invention, the invention includes A method of conjugating a
monoclonal antibody specific to for o thalassemia with a
nanoparticle comprising obtaining an aqueous solution of a
colloidal nanoparticle at a concentration of about 1-10x10~
M of HAuCl4, diluting the colloidal nanoparticle with water
to bout 1:2 to about 1:50 to obtain a diluted solution, heating
the diluted solution with stirring and adding sodium citrate to
the heating solution to reduce the solution until a color
change. In some exemplary embodiments, the sodium citrate
has a concentration of about 0.1 to 1.0%.

In still other exemplary embodiments according to the
invention, the invention includes a method of making a o
thalassemia specific antibody coated colloid particle com-
prising, diluting a monocolonal antibody specific to c thalas-
semia with 1-10 mM sodium borate buffer pH 5-10 to obtain
a solution, adding the solution to 100 ml of a 0.25 mM of
colloidal nanoparticle, adjusting the pH to 7.0-10.0 by the
addition of 0.01 M Na2CO3, stirring the mixture for 10-60
min and adding a 20% volume of 5% BSA in 5 mM NaCl,
reacting approximately 5 minutes, centrifuging at 4° C. for
approximately 10.00 to 20.00 rpm for approximately 30,
resuspending a pellet in phosphate buffer, and obtaining an
antibody coated colloid particle solution.

EXAMPLE 1
Purification of Hbs and Globin Chains

Hb Bart’s was purified from the hemolysate of Bart’s
hydrops fetalis by cellulose acetate electrophoresis with an
alkaline buffer solution. The Hb Bart’s was separated from
Hb Portland on the cellulose acetate membrane according to
their net charge and size. The electrophoresis was performed
at 160 V until the band of Hb Bart’s was clearly separated
from Hb Portland. After electrophoresis, the Hb Bart’s band
was cut and Hb Bart’s was eluted from the membrane by
soaked in 40 ml of phosphate buffer saline (PBS) pH 7.2 at 4°
C. overnight. The obtained Hb Bart’s was then concentrated
by Vivaspin.

EXAMPLE 2
Polyclonal Antibody Production

Polyclonal antibodies were prepared as previously
described by Jintaridth et al. (Int J Hematol 2006; 83:408-
414) hereby incorporated in its entirety for all purposes. After
purification of the HBs and Globin chains antibodies were
prepared in chicken Egg yolk. Briefly, after Hb Bart’s immu-
nization, the inventors detected anti-Hb Bart’s antibodies in
sera at 2 weeks after antigen immunization, and the antibod-
ies reached their highest titer at week 4 to week 6 before
declining (FIG. 1). The antibody response in the egg yolk
showed the same pattern as in the serum but was delayed by
1 week. When the maximum antibody response was reached,
IgY antibodies were extracted from the whole egg yolk. By
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using water dilution and sodium sulfate precipitation, we
were able to extract 40 to 70 mg of IgY from an egg. The IgY
extracts strongly reacted with Hb F (a,y,) and Hb Bart’s (v,,)
and weakly reacted with Hb A (c,f,) and Hb A (a,0,) (FIG.
2A). The extracts also reacted with - and y-globin chains but
did not react with o chain. The IgY anti-bodies also reacted
with hemolysates from normal umbilical cord (Hbs F plus A),
healthy adults (Hbs A plus A,), and Hb Bart’s hydrops fetalis
samples (Hbs Bart’s plus Portland).

The purity of the IgY extracts was analyzed by SDS-PAGE,
which under reducing conditions demonstrated IgY heavy
and light chains with molecular weights of approximately 67
kd and 28 kd (FIG. 2B, lanes 2-4). Band densities quantified
with a densitometer indicated that 97% of the extracted pro-
tein was IgY.

To obtain specific anti-Hb Bart’s IgY, the inventors then
purified the egg yolk IgY extracts by immunoadsorbent chro-
matography with Hb A coupled to Sepharose. The unbound
fractions were collected and tested for specificity. As is shown
in FIG. 4, the affinity-purified IgY reacted with Hb Bart’s, Hb
F, normal cord (Hbs F plus A), and Hb Bart’s hydrops fetalis
(Hbs Bart’s plus Portland) hemolysates but not with Hb A, Hb
A,, or healthy adult (Hbs A plus A,) hemolysate. Immunob-
lotting was employed to verify the specificity. The affinity-
purified IgY reacted with y- and “y-globin chains but did not
react with - and f-globin chains (data not shown).

EXAMPLE 3
Hybridoma Production

Spleen cells were collected from the mouse immunized
with 1-100 pg y4 protein and fused with P3-X63Ag8.653
myeloma cells by standard hybridoma technique using 50%
polyethylene glycol. After HAT medium selection, culture
supernatants were collected from the hybrid containing wells.
The supernatants were then determined for antibody reactiv-
ity against y4 protein by indirect ELISA. The hybridomas
showing positive reactivity with y4 protein but negative with
other hemoglobins were selected and subcloned by limiting
dilution. A hybrid clone which produced monoclonal anti-
body that specifically recognized the repetitive epitopes on y4
protein was selected for developing the immunochromato-
graphic strip test based on double antibody sandwich tech-
nique. This particular monoclonal antibody specific to y4
protein characteristic is claimed as a unique tool for develop-
ing the assay. Further discussion and characterization of the
production and screening of the mouse hybridoma and mono-
clonal antibody produced therefrom is provided by
Makonkawkeyoon, L et al, Production of a mouse hybridoma
secreting monoclonal antibody highly specific to hemoglobin
Bart’s (gamma4), Lab Hematol. 2006; 12(4):193-200, hereby
incorporated by reference in its entirety.

EXAMPLE 4
Determination of Antibody Specificity

Specificity of affinity-purified immunoglobulin Y (IgY)
antibodies. Specific antibody was obtained by purifying anti-
hemoglobin (Hb) Bart’s IgY on a column consisting of Hb A
coupled to cyanogen bromide-activated Sepharose. The reac-
tivity of affinity-purified unbound IgY was tested by enzyme-
linked immunosorbent assay using 10 pg/ml. of Hbs and
hemolysates as coating antigens. FIG. 4 is a graph showing
the absorbance of the reactive species before and after affinity
purification.
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EXAMPLE 5

Synthesis and Characterization of Colloidal
Nanoparticle

Colloidal nanoparticle was synthesized using a reduced
scale. An aqueous solution of colloidal such as chloroauric
acid (1-10x107* M of HAuCl4, 5 ml) was diluted with 90 ml
of de-ionized water or at about 1:2 to 1:50. This solution was
stirred and heated until boiling and then reduced with 0.1 to
1.0% sodium citrate solution (5 ml). Heating was continued
until the solution color changed to a red-purple color. The
result nanoparticle has cross diameter of about 15 nm.

EXAMPLE 6
Formation Of Gold Conjugate

Monoclonal antibody specific to y4 protein was diluted in
5 ml of 1-10 mM sodium borate buffer pH 5 to 10. This
solution was then added dropwise to a stirred solution of
nanoparticle 0.25 mM, 100 ml. The pH of the nanoparticle
solution was pre-adjusted to 7.0-10.0 by addition of 0.01 M
Na2CO3. The mixture was stirred for 10-60 min and 5 ml of
5% BSA in 5 mM NaCl solution was added. After 5 min, the
solution was centrifuged at 4° C. 14,000 rpm for 30 min to
remove unconjugated antibodies from the solution. The pellet
was subsequently resuspended in Phosphate buffer (2% BSA
in 49 mM Na2HPO4) to obtain an antibody-nanoparticle
conjugate solution which had an O.D. of 40 at A 580 nm.

EXAMPLE 7

Preparation of an Immunochromatographic Test
Strip

An immunochromatographic test strip consists of four
components: sample application pad, conjugate releasing
pad, analytical nitrocellulose membrane, and absorbent pad
(FIG. 4). The test strip was constructed as follows mono-
clonal antibody specific to y4 protein (O.D. of 40-80 at A 580
nm) was sprayed onto the conjugate releasing pad using a
dispenser. The nitrocellulose membrane was laminated onto a
plastic support by a laminator. Monoclonal antibody specific
to y4 protein at 0.01-2 mg/ml and rabbit anti-mouse IgG at
0.01-2 mg/ml in PBS were jetted onto a laminated nitrocel-
lulose membrane at two separate zones, referred to as the test
line and control line. Subsequently, the sprayed conjugate pad
and jetted membrane were incubated for 4 h at37° C. and then
dried in a desiccator at room temperature. After drying, the
components of the strip test (the sample application pad, the
sprayed conjugate releasing pad, the jetted nitrocellulose
membrane, and the absorbent pad) were assembled and then
cut into individual strips (4.0 mm/strip).

EXAMPLE 8

Preparation of an Immunochromatographic Test
Strip

An immunochromatographic strip test contains at least
following components but not limit to:

1) Solution for break off red blood cell can be choice(s) of
TWEEN 20 Polysorbate 20, SDS, NP-40 nonyl phenoxy-
polyethoxylethanol or TRITON X100 octyl phenol ethoxy-
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late, at the amount of 1 to 10, which able to react in whole
blood solution and not necessary to separate out red blood cell
prior to this step;

2) Buffer for washing strip is phosphate buffered saline and
0.01 to 5% TWEEN 20 Polysorbate 20;

3) Immunochromatographic strip for detection of y4 pro-
teins as described above which its capture line comprises a
small strip of membrane holding monoclonal antibody spe-
cific to y4 proteins coated on nanoparticle; and its control line
comprises of small strip of membrane holding 0.1 to 10
mg/ml antibody specific to mouse immunoglobulin;

4) Working plate with flat bottom; and

(5) Wash bottle.

EXAMPLE 9

Screening Process For a-Thalassemia Carrier Using
Immunochromatographic Strip

Allow strip test and whole blood specimen to equilibrate to

room temperature (15-30° C.) prior to testing:

1) Add approximately 100 pl of EDTA blood into 96-well
plate;

2) Add approximately 100 pl of Lysis buffer into the
sample and mix thoroughly for 3 to 4 times using autopi-
pette;

3) Bring the pouch to room temperature before opening it.
Remove the test strip from the sealed pouch and use it as
soon as possible;

4) With arrows pointing toward the sample well, immerse
the test strip vertically in the hemolyzed blood for 2
minutes. Do not pass the maximum line (MAX) on the
strip test when immersing the strip;

5) Remove the strip from blood sample and clean it with
washing buffer by using wash bottle;

6) It is important that the background is clear before the
result is read.

EXAMPLE 10
Interpretation Of Result(s)

As illustrated in FIG. 5, a positive reading will show 2
purple bands; one at control line and another one at capture
line and negative reading shows only single purpleband at the
control line. FIG. § illustrates the molecular basis of the
unused, negative and positive test strip readings. The left
column shows the unchallenged test strip with the conjugated
a-thallasemia specific antibody at the storage position on the
conjugate pad. The middle column shows a negative reading
where the unbound conjugated antibody binds to the rabbit
anti-mouse secondary antibody immobilized on the nitrocel-
lulose membrane at the control line. the third column shows
the conjugated antibody bound to a y4 antigen and also bound
to the unconjugated anti-y4 antibody immobilized on the
nitrocellulose membrane of the test strip at the capture or
positive reading zone.

While this invention has been described in conjunction
with the various exemplary embodiments outlined above,
various alternatives, modifications, variations, improve-
ments, and/or substantial equivalents, whether known or that
are or may be presently unforeseen, may become apparent to
those having at least ordinary skill in the art. Thus, the exem-
plary embodiments according to this invention, as set forth
above, are intended to be illustrative, not limiting. Various
changes may be made without departing from the spirit and
scope of the invention. Therefore, the invention is intended to
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embrace all known or later-developed alternatives, modifica-
tions, variations, improvements. and/or substantial equiva-
lents of these exemplary embodiments
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What is claimed is:
1. A method of using the immunochromatographic strip for
screening an o-thalassemia carrier, comprising:
(1) lysing red blood cells of a blood sample obtained from
a subject;
(2) applying an aliquot of the lysed red blood cells obtained
in (1) to said strip;
(3) substantially removing the applied aliquot by washing
the strip; and
(4) determining whether the subject is an c-thalassemia
carrier based on a positive chromatographic result or a
negative chromatographic result that is obtained from
(-3
wherein the positive chromatographic result indicates that
the subject is an a-thalassemia carrier;
wherein the positive chromatographic result is chromato-
graphically distinguishable on the immunochromato-
graphic strip from the negative chromatographic result;
and
wherein the immunochromatographic strip comprises:
a sample application pad,
a conjugate releasing pad,
a nitrocellulose membrane; and
an absorbent pad,
wherein said sample application pad, said conjugate
releasing pad, said nitrocellulose membrane, and said
absorbent pad are in connected association with one
another so as to form the immunochromatographic
strip;
wherein the conjugate releasing pad comprises a colloid
particle that is conjugated to an antibody specific for
an o-thalassemia protein;
wherein the nitrocellulose membrane comprises an
unconjugated antibody specific for the a-thalassemia
protein that is immobilized at a capture line and an
antibody specific to the a-thalassemia protein specific
antibody that is immobilized at a control line, the
control line being located distal to the capture line;
and
wherein the positive chromatographic result is obtained
by binding of an c-thalassemia protein to the antibody
conjugated to the colloid particle to form a complex
and further binding of the complex to the unconju-
gated antibody so as to produce a first visually iden-
tifiable signal at the capture line, and the negative
chromatographic result is obtained by unbound anti-
body conjugated to the colloid particle to the antibody
specific to the a-thalassemia protein specific antibody
so as to produce a second visually identifiable signal
at the control line.
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2. An immunochromatographic strip for screening an
a-thalassemia carrier comprises:

a sample application pad,;

a conjugate releasing pad,

a nitrocellulose membrane; and

an absorbent pad,

wherein said sample application pad, said conjugate
releasing pad, said nitrocellulose membrane, and said
absorbent pad are in connected association with one
another so as to form the immunochromatographic strip;

wherein the conjugate releasing pad comprises a colloid
particle that is conjugated to an antibody specific for an
a-thalassemia protein;

wherein the nitrocellulose membrane comprises an uncon-
Jugated antibody specific for the a-thalassemia protein
that is immobilized at a capture line and an antibody
specific to the a.-thalassemia protein specific antibody
that is immobilized at a control line, the control line
being located distal to the capture line; and

wherein a positive chromatographic result is obtained by
binding of an a-thalassemia protein to the antibody con-

12

jugated to the colloid particle to form a complex and
further binding of the complex to the unconjugated anti-
body so as to produce a first visually identifiable signal
at the capture line, and a negative chromatographic
result is obtained by binding of unbound antibody con-
jugated to the colloid particle to the antibody specific to
the a-thalassemia protein specific antibody so as to pro-
duce a second visually identifiable signal at the control
line.

3. The immunochromatographic strip of claim 2, wherein
the a-thalassemia specific protein is a y4 protein.

4. The immunochromatographic strip of claim 2, wherein
the sample application pad partially overlaps the conjugate
releasing pad and is separated from abutting contact with the
nitrocellulose membrane thereby, wherein the conjugate
releasing pad partially overlaps the nitrocellulose membrane
and is separated from abutting contact with the absorbent pad
thereby, and wherein the absorbent pad partially overlaps the
nitrocellulose membrane.

L S S T



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 8,563,330 B2
APPLICATION NO. - 12/053449

DATED : October 22, 2013
INVENTOR(S) : Watchara Kasinrerk et al.

Page 1 of 3

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

DRAWINGS
Sheet
Jand 4

SPECIFICATION

Column

[ Y Y S S N\

Fig.

PTO

4 and 5 Fig. 5 is on sheet 3 and Fig. 4

Line
60
64

5

19
33
35
32

1S on sheet 4

PTO

“a thalassemia specific”
“binding of the cc thalassemia™
“a, thalassemia”

“for a thalassemia”

“solution lo 100 mI”
“Na2C03”

“10.00 to 20.00 rpm™

Should Read

-- Fig. 4 should be on sheet 3.
Fig. 5 should be on sheet 4. --
(See Attached Sheets)

Should Read

-- o, thalassemia specific --

-- binding of the o thalassemia --
-- o, thalassemia --

-- for o thalassemia --

-- solution to 100 ml --
--Na2CO3 --

-- 10,00 to 20,00 rpm --

Signed and Sealed this

Eighteenth Day of February, 2014

Twcbatle Z% Loa

Michelle K. Lee

Deputy Director of the United States Patent and Trademark Office



CERTIFICATE OF CORRECTION (continued) Page 2 of 3

U.S. Patent Oct. 22, 2013 Sheet 3 of 4 8,563,330 B2

Hp HbF  HoBada Romnal Heathy  Hydops
Ho A A cord MG fatals

e Homogiobing ——=etm  aetHemolysabes——-

Figure 3

Absorbing pad

Control line

Capture line

Nitrocellulose membrane

Gold conjugate pad

FIG.4



CERTIFICATE OF CORRECTION (continued)

U.S. Patent

Figure 5

Control line

DN

Capture line
McAb gamma 4
conjugated colloidal gold

Conjugate pad

Oct. 22, 2013

Antl-mouse bgs

B
——

m.

Collcidal gold

—_ A

Negative

Sheet 4 of 4

Positive

Page 3 of 3

3,563,330 B2



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

EHA

IPCH %5
CPCHRF
REHI(Z)
£ £
At 2 FF 3ok
NERE

BEG®)

AEPREET —HREEER LB A PBRAMBN BENREN ST %,
RERARET —FATRPRN 2 Mm PP ERMABXEBNNRSE,
MAFZEENY4 , (v4) BEARBRNHG , FAERAEERNARLER
ZEREBTZNNREX D, ARATHTEERIGRIFE,

FEARREERMETIRRIFIRa-1 P ERMETEN S E
US8563330 K (2E)R
US12/053449 iR

NAT SCI& TECH DEV AGENCY NSTDA
ERREEAKER (NSTDA )
BIE AR

KASINRERK WATCHARA
TAYAPIWATANA CHATCHAI

TATU THANUSAK

FUCHAROEN SUTHAT
CHIAMPANICHAYAKUL SAWITREE

KASINRERK, WATCHARA
TAYAPIWATANA, CHATCHAI

TATU, THANUSAK

FUCHAROEN, SUTHAT
CHIAMPANICHAYAKUL, SAWITREE

GO01N33/538 GO1N33/555 GO1N33/02
GO01N33/721 GO1N2800/22
BLRIMESPEIMESFT
0701001329 2007-03-23 TH
US20080233659A1

Espacenet USPTO

Antl-mouse Igs

-

Control line

£ 3
v £
2| by
o

8 :
3

o

8 l

1]

o

-]

H

4]

Colloidal gald Negative

patsnap

2013-10-22

2008-03-21

=
|

conjugated colloidal gold

Mchab gamma 4

Positive



https://share-analytics.zhihuiya.com/view/085627c4-258d-4c6f-bb20-bf03ad285ec3
https://worldwide.espacenet.com/patent/search/family/039493592/publication/US8563330B2?q=US8563330B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=8563330.PN.&OS=PN/8563330&RS=PN/8563330

